Background: Familial multiple lipomatosis (FML) is an autosomal dominant disorder characterized by the slow growth of encapsulated nodules spread across the trunk and limbs. Currently, there is no specific etiology; therefore, its molecular and biological bases need to be better understood. High-throughput sequencing technologies appear to be a costeffective tool and have a pivotal role in elucidating different genodermatoses.
Introduction
Familial Multiple Lipomatosis (FML, OMIM% 151,900) is a rare autosomal dominant disorder of hypodermis characterized by the development of well-encapsulated subcutaneous nodules on the extremities and trunk. 1 First reports of multiple adipocytic tumors were made since 1846 by Sir Benjamin Brodie. 2 Later results from Blaschko (1891), and Alsberg (1892) demonstrated a familial recurrence of the lesions and observed an increased incidence among males. 1, 3, 4 In subsequent years, many other authors published families with characteristics highly suggestive of FML, 1, 5, 6 and finally in 1970 Das Gupta classified lipomatous tumors in three categories: solitary or sporadic, FML and Multiple Symmetric Lipomatosis (MSL). 7, 8 Solitary lipomas are considered the most common benign neoplasm of soft tissues in adults, but multiple lipomas occur in 5% of individuals. 9, 10 The exact prevalence of FML is unknown, but it has been estimated to be 0.002%. 8, 11, 12 Age-onset of nodules is between 30 and 40 years, reaching the maximum peak at the 50s. 6, 8, 13, 14 It has been widely held that this disorder exhibit a preference for males, however, a large number of works demonstrate that both sexes are equally affected. [15] [16] [17] Although it is considered a benign disease, cosmetic concerns may appear in some individuals, impairing their quality of life. Moreover, it is also prevalent in obese individuals. 9 Up to now, available research in FML has been explicitly focused on clinical aspects, and molecular issues are usually not investigated. The literature suggests that at least 70% of sporadic lipomas result from cytogenetic rearrangements involving the 12q13-15 band, which could lead to a deregulated expression of the HMGA2 (High Mobility Group AT-hook 2) gene. This gene encodes non-histones chromatin proteins responsible for DNA conformational changes, aberrant cell proliferation, and development of benign mesenchymal tumors. [18] [19] [20] Recognizing the molecular base of genetic conditions and the implementation of high-throughput sequencing technologies has permitted to explore and elucidate other mechanisms involved in the etiology of several genodermatosis. Therefore, this study aimed to perform a clinical and molecular characterization of seven individuals with FML to detect variants in six candidate genes related to lipomatosis using Sanger and next-generation sequencing (NGS) techniques.
Materials and Methods

Patients and Ethical Aspects
This research was conducted in compliance with the principles of the Declaration of Helsinki. Approval was obtained from the Institutional Review Board before the study (The Research Ethics Committee at FCM-UNICAMP, file N°1
.313.164) and all participants gave written informed consent. We conducted the study in the outpatient clinic of medical genetics service at the Clinical Hospital of the University of Campinas (HC-UNICAMP) in São Paulo, Brazil. A total of seven individuals belonging to five unrelated families (named from A to E) were eligible. Primary inclusion criteria for selecting the subjects were as follows: i) age above 18 years, ii) clinical and histopathological diagnosis of lipoma or angiolipoma and iii) familial recurrence suggesting autosomal dominant inheritance. Main clinical aspects were gathered from medical records using a structured form. Physical assessment involved the participation of both dermatologist and geneticist specialties. The Pathology Department at HC-UNICAMP provided the histopathologic specimens. Clinical findings are detailed in Table 1 .
Sanger Sequencing of the HMGA2 Gene
Genomic DNA was extracted from peripheral EDTA blood samples of seven patients according to the conventional phenol-chloroform procedure used by Sambrook et al 21 A polymerase chain reaction (PCR) was carried out to amplify five coding exons and intron-exon junctions regions of the HMGA2 gene. Using two online bioinformatic tools, Primer3 (https://primer3plus.com/primer3web/primer3web_ input.htm), and OligoAnalyer 3.1 (https://www.idtdna.com/ calc/analyzer), we designed the specific pair of primers, as summarized in Table 2 .
PCR products were verified on a 12% polyacrylamide gel and then purified directly with Illustra ExoStar™ (GE Healthcare Life Sciences 
Data Availability
Sequences were submitted to GenBank (accession number: BankIt2217069 Seq1 -MK875826). Datasets related to this article are available at the European Bioinformatics Institute EMBL-EBI through ENA repository with study accession number PRJEB28960 (https://www.ebi.ac.uk/ena).
Results
Clinical Analysis
Seven individuals from five unrelated families (A, B1, B2, C, D1, D2, and E) were included, as depicted in Figure 1 . We did not identify parental consanguinity between the participants. Ethnical origin was selfreported as mixed by each proband. In a general overview, families A and B were observed to have three successive or more generations involved. Male to female sex ratio was estimated in 1:6. Mean age at inclusion was 42 years (SD 11.8), while the mean age of lesions onset was 28 years (SD 11.8). Females reported a peak incidence of nodules after their pregnancies. Classic clinical features of FML included soft nodules highly variable in number and size, located in subcutaneous fat and confined to the trunk and extremities, as depicted in Figure 2 . Discomfort and marked tenderness to palpation were noticed only in individual A. Comorbid gastrointestinal disorders were present in patients A, C, and D2. They reported diverticulitis and polyps, severe chronic constipation, and colorectal cancer respectively. Four patients had histological evaluation of subcutaneous lesions. The presence of mature adipocytes rounded by numerous capillaries confirmed angiolipoma diagnostic, as referenced by Bancroft and Fletcher et al 10, 28 ( Figure 2 ).
Other relevant findings are described in Table 1 .
Molecular
Sanger sequencing revealed two novel variants in exon 5 of the HMGA2 gene. Both variants were identified in patient A and B1. The first one was a synonymous heterozygous variant c.327C>T p.(Asp=) considered as low impact or neutral, based on several prediction tools (VEP, FATHMM, UMD-predictor, SIFT, PROVEAN). In contrast, the second alteration was a nonsense change heterozygous variant c.328T>C (p.*110Glnext*16) which causes a stop codon substitution by glutamine amino acid and the subsequent extension of final protein (https://www. hgvs.org/mutnomen/recs-prot.html). Figure 3 schematizes the structure of HMGA2 gene, the protein binding domains, and the novel variants. The variant c.328T>C (p.*110Glnext*16) was defined as 100% pathogenic or high impact according to mentioned in silico algorithms. However, Mutation Taster prediction system demonstrated a discrepancy between the two variants described, as displayed in Table 3 . The targeted multi-gene panel of AKT1, APC, MEN-1, PIK3CA, and PTEN in families A, B, C, D, and E, did not detect deleterious changes in sequences evaluated.
Discussion
The current study set out to identify the molecular bases of FML through the integration of modern sequencing techniques such as Sanger sequencing and NGS combined with traditional clinical approaches.
Following previous studies, the present research shows some divergences regarding epidemiological data. We observed that there is a common misconception about the classification and diagnosis of different types of lipomatosis. 7, 10, 15 Several authors emphasize that men have a high tendency to present multiple lipomas, 11, 29, 30 however, our results show an apparent high frequency of FML in females. It is possible that this finding merely reflects a selection bias due to small sample size, or may also be explained by the fact that women are more likely to seek health medical care because of cosmetic concerns. 31 Nevertheless, the pedigrees indicate that the proportion of individuals affected in both sexes was similar, leading to a sex ratio close to 1:1 (10 men vs 13 females) which may underestimate the true prevalence of FML. 6, 8, 16 Interestingly, the total number of lipomas noted in women was higher compared to the unique male examined.
1,14
Factors such as overweight and exacerbated growth of nodules during and after pregnancies suggest that exogenous factors (diet), metabolic changes (dyslipidemia or alterations in fatty acid desaturation) and hormonal mechanisms may be involved in adipocyte hyperplasia. 32 , 33 Yee et al compared differences in enzymatic desaturation of stearoyl-CoA between individuals with rare adipose disorders (RAD) and obese control group and concluded that individuals with FML and obesity showed the highest rates of desaturation, thus increasing the lipogenesis process. 32, 34 One unexpected finding was that patient A was the only within the casuistic and her family group to manifest pain, daily weakness, fatigue, and psychiatric comorbidity (chronic depression and anxiety disorder). These symptoms are strongly associated with Dercum's Disease, which is considered a differential diagnosis or a variant of FML. 35 Based on the new Dercum's Disease classification proposed by Hansson et al, 36 we identified in this patient the generalized nodular form, characterized by 
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intense pain on the surface of the fatty tissue and around lipomas. Another study that supports this hypothesis was published by Campen et al 37 They described a family of nine members diagnosed with multiple lipomas who displayed variable symptoms ranged from total disability to asymptomatic nodules. It can, therefore, be assumed that the segregation follows an autosomal dominant pattern with variable expressivity and possibly represents an extreme manifestation of FML.
Concerning the histopathological diagnosis, we evidenced two main types: lipoma and angiolipoma. Microscopically, the most common noticeable feature of angiolipoma is the proliferation of fine blood vessels which contain fibrin microthrombi in association with mature adipocytes. 10, 28 Angiolipomas appear to have a high incidence in young adult men who occasionally manifest mild pain or tenderness. This type of tumor is also related to the history of local trauma or the use of steroid therapy. 13, 38 Although many authors recognize both diagnoses as different pathological entities, some case reports do not make this distinction due to very subtle differences between them. 39 In this context, our analysis confirms that it is possible to have angiolipomas with familial recurrence and this diagnoses could be part of the broad spectrum of FML. [40] [41] [42] [43] Furthermore, multiple spindle cell lipomas, another type of lipoma, has also been reported in several families. 44 Although there are several studies focused on expression and direct cytogenetic analysis on sporadic lipomas, few studies have been concerned about constitutional causes of FML. 2 Extensive lipoma series in adults confirm multiple structural rearrangements with frequencies ranging from 50 to 75%. 10, 28, 45 Among those balanced chromosomal alterations, translocation t(3; 12)(q27-28; q13-15) is observed in nearly 25% of tumors. 9 In most cases, breakpoint affects the HMGA2 gene which is composed of 5 exons and generates a protein of 109 amino acids ( Figure 3) . 18, 46, 47 Ligon et al reported the case of an eight-year-old boy with a constitutional rearrangement affecting the band 12q14.3 (de novo pericentric inversion) thus, involving HMGA2 gene. However, the clinical phenotype characterized by somatic overgrowth, the advancement of bone and dental age, cerebellar tumor, and multiple lipomas, 48 differs from our casuistic.
We analyzed the heterozygous variants c.327C>T p. (Asp=) and c.328T>C (p.*110Glnext*16) of exon 5 of the HMGA2 gene in diverse prediction programs. The synonymous or silent alteration was interpreted as benign, whereas the change in the translation stop codon was considered as 100% pathogenic or high impact. In this way, it might indicate that changes involving the 3ʹ UTR (untranslated) region would trigger the neoplastic transformation of the HMGA2 gene. 49 Fusco et al highlighted the crucial role of the HMGA2 gene in mesenchymal tumors.
They proposed that in the HMGA2 gene, the 3ʹ UTR region is generally silenced by Let-7 miRNA and any alteration at this level, either truncation or fusion with ectopic sequences, drives to its up-regulation and consequently to an abnormal replication of cells. 46 It is somewhat surprising that in family B we had detected both novel variants only in the mother (B1). It could indicate that they do not segregate with FML phenotype, being discarded at least in this family as an etiological cause. On the other hand, patient A presented the same two novel variants but demonstrated a phenotype highly suggestive of Dercum's disease. Despite these promising findings, they are somewhat difficult to interpret because it was not possible to assess other relatives affected with FML.
Focal fatty infiltration and multiple lipomas may be present in several syndromes. Proteus syndrome and CLOVES (Congenital Lipomatous asymmetric Overgrowth, Vascular malformations, Epidermal nevi, Skeletal, and spinal anomalies) are examples of somatic mutations where lipomatosis is present. 50, 51 On the other hand, Bannayan-Riley-Rubacalva Syndrome, Multiple Endocrine Neoplasia type 1, Cowden syndrome and Gardner syndrome are conditions resulting from germline mutations that have concomitant lipomatosis. [52] [53] [54] [55] Even some mutations involving 
Conclusion
FML is a rare and heterogeneous disease that may be overlapping with other dermatological syndromes such as Dercum's Disease. The natural history of FML in this series revealed that the development of lesions was progressive and reached its highest incidence in middle-aged individuals. FML affected both sexes and presented a topographical distribution with predominance in extremities and trunk. The sex ratio among evaluated patients showed a female prevalence, but pedigree data displayed a more balanced distribution. The diagnosis of Dercum's Disease was also recognized in one individual (patient A). The molecular approach has provided a more in-depth insight into the genetic basis of FML and has attempted to thoroughly investigate the largest number of candidate genes linked to it. We highlighted the utility of NGS in addition to Sanger method in the comprehension of the full spectrum of FML, due to it might offer an alternative for the etiology identification and characterization of rare genetic conditions in clinical settings. Variants in exon 5 of the HMGA2 gene have not been described, and until now, they have an uncertain significance in the genesis of FML. Further studies, including a more significant number of affected individuals and functional analysis of the novel variants of HGMA2 gene, should be undertaken to determine its biological function in FML better. 
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